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Butadiene^tyrene-Mefbyl Metbocrylate Cro^B-Linked 

Oopalymers 



WCj KUBBHA Kacaku ROGYO KAOUSnXKl 

Kaisha, a jomt^Btock Company of Japan, 
located ax 8,1-chome, Nlhonfaasbi Horidone- 
Cho, Qiuo-Ku, Tokyo-Tb, Jftpan, do hereby 
declare tbe invcniion, for wbicb we prey that 
a patent may be gxtoced to us^ end the method 
by which it is to be performed* to be par- 
ticuloily deecribed In end by the foHowiDg 
atatenient:^ 

This mvBBtion relates to butadicoe-ffmcnc- 
jnethyl mctbaciylace cross-linked copofyroerB 
CherelaafKr referred to as "MBS reBins"). 
Mor& particularly, the inveatioa concerns a 
Aew6 MBS resin which, upon being mixed 
with 0 polyvinyl chloride or a copolymer 
having vinyl chloride as a principal cooetituent, 
is capable of impartinf to the resulting shaped 
articles of the composmoo^ high transparency, 
impact resistance, and xtsistsnee to stress^ 
whitening occurlng through bending. 

So-called craft copolymer^ produced by 
causing graft polj^mcritation (consecutive 
polTmerization hereinafter will be denoted 
merely as polymerization) of one or more 
vinyl or vbiyUdene monomers sndi as styrene, 
acrylonitnle, or methyl methacrylate on a 
lumr-Iike polymer latex arc alrcody well 
known. 

These graft copolymers have good mecban- 
ical strength and bave> therefore, been used 
independently for voriouB shaped articles. In 
odditioo, these graft copolymers have been 
raised with other resins, such as polyvinyl 
chloride, to Improve the impact resistance of 
shaped articles made from other icshiB, 

Most of the graft copolymcrB produced by 
hitherto known methods, however, while being 
capable of Improving the impaa resistance of 
polyvinyl chloride when mixed and kneaded 
therewith, have been disadvantageous in that 
[/V "1 



they produce prodocts which arc deficient in 
iransj^rency and lack resistance to weather* 
ing. Furthermore, resin composiiions having 
acrybnltrile as o constituent have such dis- 
advantages as low heat stability. 

In addition, when bends ore formed in 
shaped articles, such as sheets ond bottles, 
produced from diese resins, the parts of the 
orticleB in the vldnlty of these bmds become 
extremely cloudy, giving products of low com- 
mercial value. 

It is on object of the present invention to 
provide MBS resbis which, npon being mixed 
and kneaded in minimal quontitieB with poly^ 
vinyl chtoridc are capable of imparting ex- 
cellent propertiBB such aa high impact resist* 
ance, hi^ transparsncy^ resistance to weather 
effects, high heat stability and almost no 
occurrence of the stress whitening at bent 
parts of products formed from the resulting 
compositions. 

Another object of the invention is to provide 
a relatively sirople and camomlcal process 
for producing MBS resins of the above stated 
character. 

The present invention provides a process for 
pcoducing a butodicnc-eryrene methyl metha- 
crylate CTDBS-Iifriced copolymer in porticulate 
form comprising from 24 to 60% by weight 
of butadiene from 22 to 43% by weight of 
styrene and from 5 to 46% by weight of 
methyl methacrylate, whirfi comprises carp- 
ing our polymerisation of styrene, methyl 
methserylate ond a crosB-linking agent (the 
plasUcB component) in the preBcnco of latex 
of polybutadlene or a burodienc-styrene co- 
polymer (ihc rubber component), the styrene 
and methyl raethactytote ro the plastics com- 
ponent comprising from 60 to 25% by weight 
and the butadiene and styrene Qf auy) m the 
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2 ^ L.tkLui aiul jncJeDBM with 

SdmS^lftteirndtbemnaiDingKyrei^^ F^gf ^ such as bcnzjDc. and 

moSTpcfteTiBed with the wmatoto of whidb are Boluble have itducrf *peafic 

the first polymeriaxtion nux- ^"5";!^- ^ q forthcr diBBd^ntnge 

wsin. it h poSBiblc w prodHce productt having ^ ^ „ ^^e rtiesB whl»aitog of MBS rcsms, 

SI ,bwe-llc8cribed cJwenenr.propertl^ ^ ^S^^d more faUy below. 

The porticIeB of MBS tnm P^"""^ " ^ further feauro of The pfe^it 

the pro™ de.crlbcd above have » liyf^J * STrefraetive tediccB np»»of the MBS 

SSirtSTwlth □ ciHt of P''lyl'"»5;°'?, * SSia m within the rfm^ fr«n 1.528 to 

SSic-sintOB copolymer surrtund"^ ''y " «™" tt«. refractive indj'ceJ of polwinji 

Dolvnicr, and In a pteferitd e'*"'"^,^ m Adr prmclpal constinwnt arc f™« *;,t„ 

ffitfiell largely comptiwDg polymctW »» {Wsr f» p ^ jn^pn^m That the 

ScSlW, Bueh particlea aie mwed ^^jgj/yj'te, the MBS rerins to he 

SlSded with vii^I T'^^^^Z ^ffl^^th the tJoJyjinyl chlaride^nods 

rides Bie dJBpcrted through the vwyi '^"""ff Sniort eioctly with these ynIocs-'K J*e-fe' 

S3™^ MrSTow no tendency to acpajme „rt,ide the above-atate range, 

SSSXe the methyl niethanyJBte ta ^^i^r'iped artide will be non-t«B»; 

2?*dl hra hiph affinity for 'HyJ.d-K ^xS^SVa, to P**^"" 

^jS^whllBttfeatFenehoaaMghaffin^J ^Sed U*t rf awnjri«rpte ^J^^O-C of 

te the robber component MoreOTer, einee tt6tc6<ns Indices ni>»' « 2° „ 

^gldiloridB layer doe. not occur, ao that g "^„^^ Dionomers. »1» P"""!, " 

ltdm whlcentoff also does j„. JSvaclopoIymetJ haying ^^^^^^ 

An important featuie . of A* . P*^*JfL SmJUu: to Sat of the polyrht^I chloride wnn 

venftm b thw MBS lerina '"^"'"l*^ SiK copolvmera are to be ""ncci ^ 

oiehomogBneoudydiBpertiT>fcJnaolv««s«ud^ Hg^n of the "«»»P«^"^ 

60 orbenzen^ toluene airitetr^y*ona^^^ drovrincTa (miphical «presentation. jri^ 

and that the rtduced Bpecific ^^^^^-^r, SSSr coordinate!, indicating the percent- 
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resin U contained within the xedon bounded 
by the figure ABCDBF, and^ at the same time, 
the rcBUS posBeaaea u valitt of irsp/o wi^ 
the obove srpecified langej miwing and knead- 

5 Ing of the resin with polyvinyl chloride pro- 
duoea a tronsparenr shaped onicle. More sped-^ 
flcally, it is easential uiat the amounia of the 
tbnse monomers be from 24 to 60% by wei^ 
of butadiene, from 22 to 43% by weight of 

10 Btyrcne, ond from 5 to 46% by weight of 
methyl methaoylate. 

A further important feature of the MBS 
leaina according to the invention is the com- 
positiona] ratio of the rubber componeni and 

15 the ploaticB component Of coucfei if only 
impact rcBinance were to be ccmBidcred as a 
problem^ oe large a rubber concent as pofiaible 
would be desirable, but if the rubber content 
is iocreaBed to an extreme degree, agglomer- 

20 ation or Itmiping will result from steps such 
as Baiting out nnd drying, or the mfxio^ and 
kneading wiih the polyvinyl chloride will be 
mode (Ufficult, and bb a result unifonn dis- 
persions cannot be attained. 

25 On the other hand. If the rubber content 
is below 40% by wdght, the improvement Jn 
the impaa resistance is small, end it is dis- 
advontageous economically, to import the de- 
aired impact strength by the use of a large 

30 amount of copolymer. Moreover, the other 
phyeJcal propmies, such beat and tem- 
perature resistance and ps permeability, be- 
come deficient. That is, the compositional 
ratio by weight of the jubber componem and 

35 the plastics component is preferably in the 
range of (40 to 75)/(60 to 25), 

For the rubber component, a butadiene 
polymer or a butadlenc/styrene copolymer 
which has or has not been cross-Unkcd is 

40 used* It has been found that with butadiene/ 
Btyrene copolymers, a styreno content of up to 
40% by weight produces citccUent results, 

For The plastics compooem^ a polymer pro- 
duced by causing a monomer mixture of 

45 Btyrene and methyl methacrylote containing 
a ctoas-linking agent to be adsorbed and poly- 
merized on rubber latex particles is used Ic 
has been found that the styrene contem in 
the monomer mixture is preferably in the 

50 ron^e from 40 to BD% by weight 

In this case, the plastics component may 
be polymerized in one step oa the rubber 
component. It has been foimd> however, that 
it Is preferable to resort to a two-step poly- 

55 merjxatkm process in which the plastics com» 
poncnt is oh^idcd into two ports, and which 
comprises carrying out a first pdymerieatlon 
step, adding methyl methncrylate or a mono- 
mer mixture of ai^rcne with meth^ metha- 

60 oylate as its principal constituem contaim'ng 
a croso-llnlEing agent upon completion of the 
greater port of the flnt polvmerization atep, 
and carrying om a secono polymerization 
vtep. 

65 This method hos tbe effect of further im- 



proving the blending of the MBS resin pro- 
duced with the polyvinyl chloride and in- 
creasing the rate of dispersion into the vinyl 
chloride. 

The quantity of monomerB polymerized In 70 
the second step is preferably 30% by weight 
or less of that in the first step. Furthermore, 
when the polymerization of the plastics com-* 
ponent wlm the robber component is carried 
out in two steps^ it is possible to omit the 75 
addition of the cross-linking agent in either 
one of the flrsr and second steps, 

Tbe cross-linking agent to be nsed accord- 
ing to the inventlmi is selected from among 
those wduch copolymerize well with styrcnc, 80 
butadiene, and methyl metfaacrylate. Examples 
of suitable crosa-linking agents are divmyl 
benzene and dimeAacrylates such os mono-, 
di-, tii-, or tetre-etbylene glycol dimeihaay- 
late and 1,3-butyIene glycol dimetfaaoylate. 85 
The quantity of the cross-linking agem used 
is from 0.01 to 5% by weight of the total 
quantity of tbe monomers. 

Tbe polyvinyl chlorides suitable for use 
according to the invention ere tbose obtainable 90 
by various known methods, such as emulsions 

Solymerlzation and suspenaion poljTnerizatlon. 
n addition to hamoHpol3miers, h is dsn pos- 
sible to use B copolymer of ot least 70% 
of vin^ chloride and other monomers to be ^ 
eopolymerized therewith, such as mono-ole- 
fine mooomers, or mixtures thereof. From 5 
to 20 ports by weight of c resin obtained 
according to the invention is mixed with 
from 95 to 80 percent by weight of vinyl lOO 
chloride polymer* 

While it is possible to carry out tbe mixing 
in general, with the materials in powder form 
by means of apparatus such as a roll mill 
or a Banbury type mixer, it is also possible 105 
to mix the latex obtained and the polyvinyl 
chloride latex, and then to subiect the resulting 
mhcture to saltnig out or spray drying to 
pi'odi!?? a mixed resin conmosition. 

As described above^ the MBS resins accord- 110 
ing to the invention, when mixed with poly- 
vinyl chlorides, impart excellent transparency 
and impact resistance. The use of these MBS 
resins, however, is not limited to only that 
for mixing with polyvinyl chlorides, these 115 
MBS resins being useml olso for mixing with 
other resinB, for example, chlorinated poly- 
vinyl chloride and polyvinylidene chloride co- 
polymers so OS to mcrcase their strengdi and 
resistance impact 120 

The following Examples ore aet forth, m 
order to illu^te the present invention* 

BXAMPLB 1 

A 10 Ihto stainless-steel outodave pnmded 
with en agitator was charged under a vacuum 125 
with a polymerlsadon mixeucb comprising 1 g. 
of cumene hydroperoxide (CHP), 8Q0g. of 
buiediene, 200 g. of Btyreoe^ ond 5 g. of tri-^ 
ediyknc glycol dlmetbocrylate 0)MA} ond 
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3,000 cc of diodBed wmt coHttWns W g. 

9 toKW* suIpWde, Bad 0.15 g. of ^aimn 
W^rfkwed to react at 40°C for P PP«» "- 
nft« «Wcb"timl ao futther ptasuie 

ttyiew contBHHBg O-JS* «. §k t 

rtMA 200 B of methyl iiietn»ciy»iB, e> 
S^^SJ,U l5So (X. of dimmed water 
13 Se^lSdcd to the tMuIdngchnrge, M^^^ 
Sttog mixture was ogitttcd « speed 
Sr 30 minutes. Thoeoftcr, the chtrge *m 
Sted » 60OC ond aUowed to reaa for 5 

20 '^The latex thus obtained was cooled to 
30-C and 0 second "12' 

25 ^fiter added to the chajBe-jJu^w^ 
rtwtt anitated for 30 mmtttes. Thereafter, the 
&"«rbcated to fiO'C and aJtowed to 

"Th!°iafe?Si obtained wa. salted out « 
30 5QPC with a I'A wdght ^Jf^jJ 
solucioo and fUiettd. The P"*^*:'** Jl^^T 
containing 47 1% ^ ''jj?^- 

Sr^i^it ^f W»»«h«iyto^^ that were 
35 Hna^ out wcit washed with wattr ond then 
^ SSSTgW^ on MBS mto Jjh a 

value of 0.032 in a yield of 98 J /». 

1B0"C under ptearot* of 100 kg./cm." Into 
''SchSSto?i?^Bthofd.ls^u*t. 



as teated on a notched test piece, was 85 
lB,on./cm». The Bght traaamittonre of tbe 
S?Bccording to Japan In&urtrta^ 
Deaignation K 6714 waa 81.5% and die haze 50 
veUie was 3.5%. Furthermore, when « sheet 
Tl-^' thiiiws. of the sanie xesuj waa 
bent •SMOgh 1B0»C ahnoat »o cbuding wa. 

"^fa'a&od, when a mixture of 0.1 part 5S 
far weight of calcium atearate, 0.36 part by 
K « ^ ^'^^ ond 6 p«« by we^ 
Sn epoxy compound of k^«« "".S' 
wed in plaw of 4e atove descnlbed ^ 
iiine amjt, and botdea, each of 530 cc. 
aSfciwond 25 g. weight were fwmed by 
"SVU extnidingaiadifae, botdea of 
excellent uraapBicncy were obtainea. 

Rftr of these bottles were cooled to so 65 
fiflVd^ith water, aod objected «^<^^ 
free drop te«t8 from a height of l^ette until 
beakage occurred. As a itBult, the average 
S« of drops for braikage was 29 drgpfc 
For^aparlBO^ a limiler test was earned 
□■?vri3rZSSbotdee produced only from 
SyWnyl Xidc. in which case Ac average 
TCfiuk was 2 drops for breakage. 

SXAM7US2 

The proem was set forth to E'«»«'Pf * 
W8B Mowed except that Remount of cross- 75 

'^iSeTJf'^'l^thyl methacrylate 
and cross-linklng agent were 
wWi styrme, in the presence of Ae "J^btf 
SmoS^ tattx io a single pogmwisatiott BO 
^^ iTsample. B, Q D and E. some of 
A? n«dffl BWthacryliitt were copolyn^etised 
Sfth^tSna «d ctoss-Unking agent a d« 
SS:n?Df the robber eonifonent lateX in a 
fi^S. icwmainder of Ac methyl metha- 85 
Sltwand aoss-linktog agent being cnpoly- 

'^'li-osS'of'S- samples . 
in Tabtel below, and dieir properties are set 

oat in Table 2. 
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WHAT VB CfAIMXS: . ^ ^ 
t, A wocew for producuiff n btttowrae- 
styrene-jntihyl mechacryJaie crosB-lInkca co- 
polymer in paidcolfftt fann cnmpriwoj mm 
5 24 TO 60% by weight of butadiene, mm 21 
to 43% by weight of styteiu!* and from J to 
46% 1^ TOigbt of methyl mctbaaytatc, which 
comprim cmving out pdyiwriBDtioa of 
0cytcas, methyl medjacrybcc and ft ctoth 
10 uiung ngcnt (the plastics component) in 
presence of a latex, of polj^juodjene or a buta- 

poncoti ibe rtyitoe and methyl metlwcrylBtB 
m the plaotics compoaem: commang from 60 

15 to 25% hy weigw and the bumdJene and 
styxeoe (il any) Jn the rubber compoiwnt wro- 
D&ing from 40 to 75% by weight, based on 
Se toml weight of bumdien^ Btyrenc and 
methyl methaaylaic, and the cr^-lnUKiOg 

20 ageoi compriaiDg from 0.01 to 5% w weight, 
bawd on the total weight of butadlo^ wjr- 
mxe and me&yl merhacryUtt. 

2. A proccBB as cJamied m dami X wnete- 
in the styreoe, methyl mctbacrytate end crote- 

25 linldng unent ate polymeriffcd in the presence 
of the rubber component m wo Btepa 

3, A process aa dahncd m datoJB 1 ta^ 
whereto the butadicoe content in the rubber 
component is ar Icaet 60% by weight, ^ 

30 A-^Totkcw as claimed in apy of daimi 
1 to 3 wherein the quantitative rauo of the 
Btyicne and methyl metbecryJate subjected to 
poIymeriBation Ib 40 to 80% by weight to 
60 to 20% by wrirfit, 

35 5, A procca? afl dohncd m any of dajma I 
to 4 wherein the rubber compnocnt la crofis- 
Imked, . . 

6. A proceis M claimed in daim 2 wtetm* 
in a fltK pdymcriBation etcp, a first poJymer- 



ieatlon mnrtuic conodniag some or aH of the 
Btyreoe and some of tl^ mm merfiacrytete 
in the ptoadcB compmenr ib polymer!^ 
with Bome of the croBB-Iinkiflff agent m toe 
preBcnce of the polybutadienc or butodieoe^ 
iiyrenc copolymer laie^ and, m a Becond 
pdymerisetion irep, Imtjatcd after the tot 
poIymeriBation step is comptae, a second 
polymtriBatiaD mixture compridng the 
mamdcr of the methyl mcthacryJate^and the 
reanmlng Btyiene (if »■ polyiDcnBecl witn 
the remahifer of the croBB-linking «g«it m 
the prcBcnce of *e teaulting latot, the firBt 
pobmwlBation miacnirc compridng more tftan 
7D% by weight of the nyicne and methyl 
mctbaciylate m 4e plBBtJcs component. 

7 A proccBB BB damifid m claun l bud- 
Bumtially aB deacribcd with reference m eubcr 
of the EiampkB. . 

8. Butadiene^rEnB-methyl methBCii^te 
dOSB-Jinked cofw^ers when produced ^ a 
process as daimed in any of the precedmg 
cloimv- I 

9. A compoBitian coroprismg a Wffi 
as daimed m claim 8 and PoJ)^^^ 

or a copolymer having vinyl djteride as its 
prindpal conetitucnr by wei^t. 
^ 10 A compoBition aa daimed In daam 9 
compriBlog 5 to 20 parts hy weight of bma- 
dJcnT Bty^-roeibyl methodylare copolymer 

ami from 95 to 80 P^Jy.f^^J"^^^^^' 
vinyl chloride or vmyl cblonde copolymer, 

ELKINGTON AND FIFE, 
QiBTteicd Patent Agcorfc 
Hi^ Holbom House, 
52/54 High Holbom, 
Londoiu W.Ct. 
Agents for the Applicantb. 
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